Ri1sK OF DEBRIS-BasIN FailLURE

By Richard H. McCuen.' Bilal M. Ayyub.’ and
Theedore V. Hromadka.' Members, ASCE

ApstrRacy: Detins busing are 2 common engineenng stuciure used W conael
debris flows. Knowledge of the fisk of falure as @ funcuon of (mportant design
varizbles can improve decision making and can be used as a basis for minimizing
ihg o1l anoual cost ji.¢., consyuction «nd maintenance plus risk costy. The failure
risk was computed for four policy elements: the rainfall frzquency, the intervai
betwzen sigrificant watershed bumn, conswucuion and dredging acturacy, and the
regularity of maintenance of the debris basin. The bum interval and the rainfalk
magnitude are the two most impomant variables associated with the tailure risk,
with the expected annual risk varying from less than 3% 1o as much as 65% for
different bum intervals and rainfall frequencies. A failure 10 matntain the basin
can douple the risk or fatlure. The rsk of failure does nor appear ta change much
for rypical construction and dredging-volume accuracy. The fisk estmates were
made ustog 3 madel deseloped from Jata from the southern Califomia area and
lhe conditional expectation vanance reducnon technique.

INTRODUCTION

Debrrs Hlows, which are often referred to ss mudtlows. are movements of
lurge soil masses through detined channel sysiems. They represemt a signif-
icant hazacd in many pacts of the wacld. Such flows, which often consist of
50-90% sclids. cause extensive damage to engineering sirucfures such as
buildings, bridges, and culvents, as well as being responsible for loss off e,
In some arcas, the damages from debrs flows are as moch as tens of miilions
of dollars during periods of intense rainstorms.

A debris basin is a_storage smucture used to contain the debris (Hollings-
worth and Kovacs [981). These basins are usually located at the mouths of
steeply sloped canyons. often near the apex of an alluvial fan. Although
debris flows are a continual problem. there have been very few systematic
efforts made 1w compile data on the volumeiric charactenstcs of debris flows
(Johnson et al. 1988). Thus, accurate design methods are rarely available.
Where data are available, the records are usually short and, hence, large
sampling variation is expected. There s a need to consider this sampling
variation in desiguo.

Hydrometeorological vaniability is a primary source of the year-lo-year
variation in the magnitude of debris flows. Factors that are associated with
hydromercorological conditions and that affect the variability of debris-flow
volumes include the rainfall valume that occurs prior to a destabilizing rain-
fail event. the intensity and duration of the reinfall event, the occurence of
lightning that causes extensive burning of vegetation on the watershed, and
susface erosion that occurs during minor storms and is temporarily stored in
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the channel system: this interstorm surface erosion ofizn becormnes part of the
interstitial mud of the debris flow. In addition to the variations caused by
the hydrometeorological factors, warershed and soil characteristics are im-
portant, including the watershed slope. land cover, and both the particle-size
distribution and the angle of repose of the debris material.

In designing a debris basin, the volume of storage is a pnmary design
variable. The volume of storage required for control is directly related to
both the hazard presented by the debris flow and the poteniial for failure of
the basin. Maintenance and inspection of the basin to ensure adequate stor-
age for control of debnis flows is essential to maintain acceptable levels of
farlure nisk. In addition to debris deposited during major storm events, eroded
materiai continually enters the basin during minor storms; therefore, the ba-
sin must be dredged, usually on an irreguiar as-needed maintenance sched-
ule. The potential for failure of the basin depends on the accuracy of both
the design and the dredging. Thus, inspection of the in-place volume fol-
lowing construction and periodic dredging is necessary to ensure that the
basin will function as intended by the designer. The risk of failure will in-
crease if the basin volume after either construction or dredging is less than
that specified in the design.

The objective of this study is to estimate the probability of failure of debns
bastas as a function of variables that contribute to the variations in the supply
of, and demand for, basin storage. The probabilities of failure can provide
useful information to both policymakers and design engincers about the op-
timum design. Also, an economic analysis could be based on such proba-
bilities to evaluate the benefits und costs of alternative designs.

Risk ASSESSMENT: MATHEMATICAL DEVEL OPMENT

The performance function that expresses the relationship between the da-
sign volume of a debris basin and the volume of a debris flow can be ex-
pressed by the following eguation;

Z = XK 0 Xa) (1)

in which the X, = design variables; with £( ) being the functional relation-
ship between the design random variables and failure. The performance function
can be defined such that the limit state, or failure surface, is givenby Z =
0. The faiture event is defined where Z < 0, with the survival event defined
as the space where Z > 0. Thus, the probability of failure can be evaluated
by the following integral:

P = ”i ;IL(X,,...,X,.)drl_dx; ey e (2

“

[
T
Y

where f, = joint density function of X,, X3, ..., X,, and the integration is
performned over the region where Z < 0. Because each of the design variables
has a unique distribution and they can be statistically correlated, the integral
of Eq. 2 cannot be easily evaluated.

A large number of methods have been developed and suggested for reli-
ability assessment. Generally, these methods can be classifed into numer-
icaily (or computationaily) approximate and exact. The approximate methods
are usually of the moment type, e.g., the first-order second-moment method
(FOSM) and the advanced-second-moment method (ASM ) (Ayyub and Hai-
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dar 1984, Ang and Tang 1984). The moment methods have limitations: on
the tvpe of probability distribution of the performance function in the case
of the FOSM method, and convergence difficulty in the case of the ASM
methad, especially for a relatively large number of random variables in the
performance function. Exact methods can be classified into two types, closed-
form selution of Eq. 2 and simulation-based techniques. The efficiency of
simulation methods can be largely improved by using variance-reduction
techniques. A probabilistic modeling approach of Monte Carlo computer
simulation with variance reduction techaiques (VRT) can be used to estimate
the probability of failure. Several variance-reduction techniques were used
in the simulation-based estimation of probability of failure (Ayyub and Halder
1984; Ang and Tang 1984; Medchers 1987).

Conditional Expectation VRT
The perfermance function of a fundamental-risk assessment case is given
by

where R = a function of the resistance or suppty; and L = a function of the
corresponding load ¢ffect or demand. For the case of debris-tlow events, the
supply is the volume of storage in the debris basin. The demand function is
the volume of debris flows, i.e., the demand for storage. Therefore, the
probability of failure, P,, with failure occurring when the volume of debris
flow e¢xceeds the volume supplied in the debris basin. is given by

Pr=ProblZ <) =ProblR < L}.. ... 0 ivuiiii . 4

For a randomly generated value of L (or R), say ! (or r,), the probability of
failure is given by

P_'r" = Prﬂb(R < il} = FR(!,) ..................................... (Sa)
or
Pr=Probll > r) =1 = FL(r) (58)

where £, and F; = cumulative-distribution functions of R and L, respec-
tively. Thus, for ¥ Monte Carlo simulation cycles, the mean value of the
probability of failure is given by the following equation:

l N
B = (- > P,,-.-) ................................................ (6)

N

The vartance {Var) and the coefficient of variation (C.) of the estimated
probability of failure are given by

1 1 X .
VarPr) = ~ VarlP ) = ————— > (Pu= P 7N
wr =g mf}-N(N—l); nm
) Var(P, )"+
CuP) = M— ............................................ 8

:
The randomly generated variables of the performance function should be
selected as the variables with the least variabiiities, i.e., the smaillest coef-

475



ficieats of variation. The resulting conditional expecration needs 1o be eval-
vated by some known expression of the cumulative-distnibution function of
the random vanable that was not randomly generated.

The conditional expectation variance reduction technique reduces the var-
ance of the simulated estimate of the probability of failure by conditioning
on one of more of the generated basic random variables. such that the re-
sulting conditional expectation can be ¢valuaied by some known expression.
Variance reduction can be achieved according to this technique by perform-
ing the following steps.

1. Using the randorm vanable with the largest variability in a fimit-state equa-
tion, t.c., the varable with the largest coefficient of variation, express and con-
dition the variable with respect to ali of the remaining random variables in the
performance function. .

2. Generate realizations for all of the conditional random variables except the
comnrol variabie identified in step } using the inverse transformation method (Ang
and Tang 1984; Low and Kelton 1982).

3. Culeulate the conditional probability of failure for the ith simulation cycle
using the cumutative-probabiiity-distribution function of the contrel variable.

4. Repeat steps 2 and 3 N times, where ¥ = integer number of simulation
cycles.

5. Calculate the statistical charactenistics of the resulting N conditional prob-
abilities of failure.

The concept and the steps involved are further explained by Ayyub and
Haldar (1984 and White and Ayyub (1985). According to this methed. the
vyriance of the estimated gquantity is reduced by removing the vaniability of
the conrrol variable on which conditioning was not done. An additional ad-
vantage is that the methad canverges ta the correct probability of failure in
a relatively small number of simuiation ¢ycles.

Antithetic Variates VRT

In the method of antithetic vaniates, a negative correlation between dif-
ferent cycies of simulation is induced in order to decrease the varance of
the estimated mean probability of failure. If &/ is a random number uniformly
distributed between O and t and is used in a computer run to determine the
probability of failure P,!', then ({ = /) can be used in another run to de-
termine the probability of failure P}, Therefore, the probability of failure
at the ith simulation cycle is given hy

] b
P =z LB o P ) e (9)

Then, the mean value of the probability of failure can be caiculated by Eq.
6, wilh the variance given by

var(p; ) = 4—1\! (Var(PP] + Var PP} ~ 2Cav[PP PP oo am

- . 5w . n
where Cav = covariance of P’ and P} . Since the cavariance of Py’ and
B is pegative, the variance of P is expected 10 be reduced.

In this merhod, a negative correlation between different cycles of simu-
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lation 1s induced in order 10 decrease the variance of the estimared proba-
bility of failure. The method can be used with the conditional expectation
VRT. The negative carrelation can be achieved by using, for example, the
mverse-transformation method of generating values of the random variables
as defined in the previous step 2 of the conditional expectation VRT. In the
random generation process for each simulation cycle, say the ith cycle, a
set of random numbers based on the random variable U is used in the first
stage of the ith cycle to determine the probability of failure £)’. In the sec-
ond stage of the ith cycie, a complementary set of random numbers based
on the random variable ({ — U) is used 1o determine the probability of failure
P, Therefore, the probability of failure at the b simulation cycie is given
by Eq. 9. This results in additional reduction in the variance of the estimated
probability of failure and expedites convergence. The antithetic varates VRT
is described in detail by Ayyub and Haldar (1984) and White and Ayyub
(1985).

Risk AsSESSMENT: DeEBRIS-BASIN FAILURE

Factors Affecting Pesipn Risk

Palicies intended to control debris flows with debris busins should address
four primury clements: The magnitude and frequency of precipitation, the
frequency of watershed bum, the loss of storage in the basin due to small
volumes of debris that accumulate berween major debris-generating storm
events, and the accuracy of excavation during construction and dredging.
Debris flows most often occur when intense rainfalls follow extended periods
of rainfal! that saturated the steeply sioped portions of the watershed. While
short-duration rainfall intensities are used as inpur for waterfiood estimation
methods. longer-duration raiafall volumes are beter indicators of debris-flow
potential. because they reflect both the antecedent rain and the rain that gen-
erates the debris flow. The 72 hr rzinfall volume is a reasonable indicator
of the cornbination of high-intensity debris-generating rainfall and antecedent
rainfail. Debris fiows can also resuit from snowmelt runoff (Wieczorek et
al. {9385).

While the assumption of the equality of the exceedence frequency of rain-
fall and runoff is common in waterflood estimation, the exceedence fre-
quency of rainfall cannot be used as the sole indicator of the frequency of
the debris flow. In addition to the frequency of rainfail, the frequency of
watershed-scale fires is an important element of a design policy. Fires de-
stroy the natural vegetation, thus exposing large surface arcas 1o the kinetic
energy of the raindrops and the erosive energy of the resuiting surface run-
atf, Furthermore, the fire sears the sorface of the watershed, which reduces
infiltration and increases runoff velocities. Soil moisture is retained in the
soil matrix when there is little vegetation to transpire the water, thus in-
creasing both the siress placed on the failure plane and the potential for
debris slides. As the frequency of fires increases, the volume of debris flows
is expected 10 increase. Therefore, the design model should include a vari-
able to reflect the expected time interval between fires that destroy a sig-
niftcunt poriton of the vegetation. Design policies should specify a design
bum interval. For a design policy that specifies a short burn interval, the
design volume of debris will be relatively large, thus, the risk of failure will
be smail.
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In between the major debrs-producing storms, minor storms can generate
significant volumes of sediment that coliect in the drainage system of the
watershed, as well as in the debrs basin. The amount of such debris in the
bastn at the time of occurrence of a debris-producing storm affects the failure
rate of the basin. Therefore, a debris-management policy should include a
policy element that requires interstorm dredging of sediment that accumu-
lates in debris basins. Dredging shauld take place just before the start of the
season when most debris  flows occur and when the storage taken up by
interstorm sediment accumulation exceeds a certain percentage of the design
volume,

Construction accaracy is the fourth facror that may influence the risk of
fatlure of a debris basin. When the as-built volume of the basin is less than
the volume specified by the designer, then the fsk of failure increases. Given
the value of land, there is a nawral desire to minimize the area devoted to
the debris basin. Thus, inspection of the debris basin 1o ensure that the as-
built volume and the volume afier dredging is ar least equal to the design
volume should be included as part of every debris-management policy.

Formulation of Debris Model for Risk Assessment

Given the potewtial importance of these fouc factors, a model that allows
for the design uncertainty of these factors was formulated. The central part
of the madel is an empidical focmula that relates the volume of debris flow
(D,, in cubic yards) to the 72 hr tainfall depth (P, in inches), the drainage
area (A, in square miles), and the time interval between watershed bufing
{#, in years). Data for debris basias in the Los Angeles arca were analyzed,
with the following resuit: :

D, = 2750P0T AN (1 4 RQeTOONOSIIPS an

The data base included watersheds having areas ranging from about 0.1 sq
mi (0.259 km’} to less than 3 sq mi (7.77 km?). Only the events where ai
least 30% of the watershed was burned were included in the data base for
caiibrating Eq. 11. Where the extent of burn was less than 30%, the data
did nat suggest that burn significandy affected the valume of debris.

Eq. 11 is used as the base model for estimating both the supply and de-
mand functions of Eq. 5. For the analysis of risk of debris-basin failure, the
demand function reflects the variation in debris-flow volumes that resuit from
the physicat uncenainty in both precipitation and watershed burn. A drainage
area of | sq mi (2,59 km’) is assumed; since area was considered to be a
constamt it the estimation of risk, the assumption has no bearing on the
assessments of fatlure. The precipitation was assumed to follow a log-ex-
treme value distribution with 2 mean and coefficient of variation of 4.5 and
0.444, respectively. The time between forest fites was assumed to follow a
log-normal distribution with a mean value and coefficient of varation of 8.0
and .375. respectively. The random vanables P and 7 are assumed (o be
statistically uncorrelated, which is physically rational, aiso.

Eq. 11 is also used to campute the supply function of Eq. 3. In this case,
the supply defines the design volume of storage that is available for a debris
event. Thus, the base design with Eq. 11 reflects the volume required by
the debris-management policy, with the policy specifying both a design pre-
cipitation depth P and 2 design bum interval 1. However, the volume com-
puted with P and r as input 10 Eq. 11 shousld be adjusted depending on the
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policy specification for the maximum volume of debris that is allowed to
accumulute in the basin prior to debris-praducing stormis before the material
is dredged trom the basin, An adjusunent shoutd also be made 1o reflect
construction accuracy. '

In quantifying the supply function: three design precipitation depths P are
evaluated. the 2. 10, and 100 year events. Since most of the data used to
czlibrate Eq. 11 had bum intervals of less than 25 years, four bumn intervals
7 are evaluated, 2, 5, 10, and 25 year intervals. The variation (or percent
deviation from the design volume) in the in-place volume associated with
the frequency of dredging can be represenied by an exponential distribution:
three policy statements are considersd, with varation in the allowable in-
terstorm accumulations of 0, 10, and 25% of the design votume. Thus, for
the 10% case, for example, the interstorm debris accumulation could be 10%
of the design volume before dredging would be required. As this pereentage
increases, of course, the supply of storage for major debris-generating storms
decrcases. Finatly, construction accuracy was assumed to be normally dis-
tributed, and the risk was evaluated for coefficients of variations of 2 and
5%. which retlect the expected construction accuracy for cohesive and non-
cohesive sails, respectively. The construction accuracy was considered on
the supply side of the performance function of Eqg. 3 by treating the provided
volume as o rundom varisble,

Failure Assessment

A fallure is defined as an event during which the demand for storage ex-
ceeds the volume supplicd by the in-place design. For {ailure to occur, the
volume of the debris tflow needs 1o exceed the curren: volume of storage,
where the current storage is a function of the design volume, the interstorm
accumuiation of sediment, and dredging accuracy. While damages are a
function of the excess volume (i.¢., demand minus supply), no attempt was
made o assess monetury damages due to failure since a peneralized eco-
nomic-damage function for debris events is not availabie. While this defi-
nition of failure may seem simplistic because it does not distinguish betweer
an exceedence of 1 cu yd (0.76 m")¥100,000 cu yd (76,000 m®), any othe:
definition would require site-specific information, so the results would nol
be of 4 general nature. The performance function for the purpose of failure
assessment is given in the form of Eq. 3 as follows:

Z =V, = log,, (HkVp — 2750P% AT [ + gQe MM -vsmps (2
=g

where V, = inttial provided volume: V', = design volume: & = fraction for
dredging: and {/ = uniform random variable (random number).

The algorithm was execuied for the conditions described previously, with
two levels {or the construction accuracy and three policy levels each for
precipitution P, bumn interval f, and dredging of intersterm accurnulation.
Since dredging is a maintenance practice, rather than a principal design fac-
tor, and construction accuracy is an element of design inspection. the policy
elements of the return periods of precipitation and burn are discussed sep-
arately. Fig. | shows the failure surface, which gives the probability of fail-
ure of a debris basin for designs bascd on return periods of 2—100 years for
the design precipitation and 2-23 years for the design bum interval. The
dashed line shows the conditions under which the failure probability equals
the probabitity of the design rainfatl. The risk of failure varies with both P
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FIG. 1. Expected Annuai Probabilities of Debris Basin Failure for Design Return
Perlods tor Precipitation and Burn Intervai

and ¢, but the variation in risk associated with P (or 1) depends on the level
of r (or P); thus, there is noticeable interaction between the two random
vaniables. The risk of failure is greatest, approximately 67%, for a basin that
is oniy designed to control the 2 year precipitation and on an infrequent burn
interval of 25 years; such a design would have a very small volume of stor-
age. When a policy specifies an infrequent bumn interval, of 10 years or
longer, there is a high probability of failure because. according to the wa-
tersheds used to calibrate the model of Eq. 11, burns occur more frequently
than the policy specifies. The mean bum interval for the data used to cali-
brate Eq, il was 10 years: this is reflected in the fajiure probabilities of
Fig. 1. For u more frequent burn intervai £ as a design input, a larger volume
of storage nceds to be specified in the design; therefore. the risk of failure
becomes smailer. For example, for a policy based on the 2 year precipita-
tion, the fuiure probability for a 2 year bum frequency will be about 8%
of that for the 10 year bum interval. The risk reduction is substantially greater
for policics that specify a 10 year or 100 year design precipitation. Of course,
the required volume of storage, and thus the cost of design and construction,
increases.

The failure probabilities specified by Fig. | represent average annual ex-
pected values. The 72 hr rainfall depth would have an exceedence frequency
associated with it. which would be specified in the policy. The bum interval
would also be a policy variable. If the rainfall frequency and burn intervat
are set by policy, then the design voiume will control debris flows with the
expected annual failure rate specified in Fig. 1. If one wanted the failure
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I\TABLE 1. Expected Annual Fallure Probabilities for Policy Burn Interval of 2
| Years

Palicy Excesdence Frequency of
Precipitation (T)

Alternative dredging policies (k) 2 year 10 year 100 year
(1) {2) {3) 4
0.00 0.053 0.010 0.0041
.10 0.064 0.012 D.0050
0.25 0.093 0.021 0.0083

probability for a time interval other than 1| year, then the binomial, or Pois-
son, Osk method coutd be used.-

For a given rainfall frequency (e.g., a 10 year event), the probability of
failure increases as the bumn interval increases. This is rational since, if a
targe burn intervai is used, then Eq. L1 yields a reiatively small design vot-
ume; thus, the probability that the capacity wili be excesded in any one year
increases.

Debris basing must be maintained since sediment accumutates in the basins
during minor, nondebris-tlow storm events. If basins are not properly main-
tained by dredging the accumylated sediment, the storage specified by the
design engineer will not be available during a debris-producing storm event.
Thus, the probabiiity of failure is expected to increase as the time interval
between dredging increases. Three policy conditions were evaluated, each
representing a different fraction of the basin storage that was permitted to
be occupied by sediment accumulation prior to dredging. Specifically, frac-
tions of 0. 0.1, and 0,25 were considered, with a fraction k) of O indicating
a policy that requires that all the sediment or debris be dredged immediately
after it has been deposited. This may be considered impractical since it would
require continuous monitoring. Thus, the other levels studied reflact varying
levels of practicality and the availability of public funds for maintenance.

The risk of failure increases as the fraction of deposition permitted in-
creases. For policies based on long burn intervals, 10 years or more, the
faiture probability showed iittle change with a change in the vatue of k; for
these cases, the failure probability was controlled by the bumn interval. How-
ever, for a policy that specifies a burn interval of 2 yeurs, the value of &
has a more substantial effect on the failure probability. Tuble 1 shows the
effect. For a policy that allows as much as 25% of the basin volume to be
taken up by sediment deposition from minor storms, the risk of failure is
about two times the risk where continual maintenance is provided. This risk
is sufficicnt 1o warrant recognition of the need for alj policies to provide for
both mainwnance between debris-generating storms and monitoring of sed-
iment accumulation during these periods. The policy should specify a value
of k that is reasonable from the standpoint of the availability of maintenance
resources and the cost associated with the risk of failure.

The fourth factor included in the model was the construction and dredging
accaracy. This was assumed to be normally distributed, which reflects the
possibility that the basin may have either a larger or smaller constructed
volume than that specified in the design. A larger in-place voiume would
teduce the risk of failure. The resuiting estimates of failure risk indicate that
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the consiruction accuracy has littde effect on the overall risk of failure, with
a maximum variation of about 3. Thus. design risk is relatively insensitive
to construction accuracy as long as the construction practiee, including in-
spection, assures that the volume is within 5% of the design volume.

CONCLUSIONS AND ANALYSIS

Debas basins are a recognized alternative for controlting debris flows. The
central element of design is the volume of storage. The size of a debris basin
can be designed by balancing construction, operation, and maintenance costs
with the benefits provided through the prevention of debris flows from dam-
aging downstreamn public facilities and causing the loss of life, Best use of
public resources will be made if the poiicies on which basin designs are
chasen account for the primary factors that cause debris-basin failure. Safer
designs should result when design practices account for the risk of failure.

The risk of debris-basin failure associated with four controlling faciors was
studied. The return period of the ruinfall represents the effects of hydro-
meteorological characteristics on debris generation. The time interval be-
tween substantial burns on watersheds reflects the condition of the land cover.
The size of an in-piace debris basin is affected by construction and inspection
practices. so the accuracy of the in-place volume with respect to the design
volume 15 used as a variable for risk assessment. Maintenance of debris ba-
sins is costiy, yet an important determinant of the failure risk of a debris
basin; the design volume of a debris basin must be maintained by dredging
the sediment that accumuiates during minor storm events that occur between
debris-gencrating storms. Policies should reflect the risk of failure due to
these four factors. each of which is 2 random variabie that must be addressed
in the formulation of debris-management policies.

An evaluation of the risk of failure of debris was made using the condi-
tional expectation variance reduction technique, with a debris-flow model
developed from data for the southern California area. The burn intervai is a
major factor in establishing the risk of failure. The results suggest that when
the expected burn interval is shorter than the average interval, which was
10 years for the data evaluated, the risk of failure can increase substantiaily.
For a design policy based on a 100 year return period rainfall, the risk of
failure can increase by a factor of 20 when a long bum interval is used.
Depending on the damages associated with failure, it appears that it is rea-
sonable for a poiicy to use a short bum interval, possibly on the order of
2-5 years. Specifying a longer burn intervai will substantially increase the
risk of tuilure.

Rainfall is also a primary factor in generating debns flows, and the volume
of debris varies with the exceedence frequency of the storm. If the design
is based on a small rainfall volume, the dusign capacity of the debris basin
will not be adequate to control the larger debris flows, and the risk of failure
will increase substantialiy. The failure probabilities reported herein suggest
that policies should use return periods of at least 10 years for the precipi-
tation in order to achieve a reasonable level of risk.

It is common in waterflood policics to use a design method that assumnes
that the frequency of the peak discharge rate equals the exceedence fre-
quency of the precipitation. The risk-of-failure surface of Fig. | indicates
that this is-a poor assumption in debris-flow modeling. The dashed line on
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Fig. | represents the condition where the probability of debris-basin failure
equals the probability of the precipitation. Based on this line. a design bum
interval 5 of 2 or 3 years appears most appropriate for debris-management
policies. Such a criterion wouid ensure that the risk of failure is smailer than
the exceedence frequency of the design precipitation,

The risk of failure increases substantially when the debris basin is not
mainfained. Sedimem that accumulates in the basin from the minor storms
that occur between major debris-generating storms must be dredged. The
design volume of a debris basin should reflect the mainienance poticy of the
locality. If maintenance capabilities are limited, design volumes should be
increased 10 allow for the storage that is necessary to coutrol debris flows
that occur in 2 basin in which sediment has accwmulated since the most
recent dredging. It appears that the risk of failure will not increase substan-
tally if 2 maintenance policy allows for an accumulation of 5% to a max-
imum of 10% of the storage volume. The loss of storage due to interstorm-
sediment accumulation can substantially increase the risk of failure when
more than 5-10% of the design storage volume is not available for debris
flow. Where resources for maintenance are scarce, it may be better to in-
crease the design capacity by 10-20% so that the risk of failure will not
increase unreasonably.
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